Because synthesis of rRNA persists late during herpes simplex type 1 infection and because S6 phosphorylation is always correlated with efficient translation of ribosomal protein mRNA, we tested the hypothesis that ribosomal protein synthesis and ribosome biogenesis could persist after infection. At different times after infection, proteins were labelled with 35 S for 1 h before harvesting and ribosomes were purified. Measurement of radioactivity incorporated into individual ribosomal proteins separated by two-dimensional PAGE demonstrated that ribosomal proteins are still synthesized and assembled into mature ribosomes up to late times during infection, while synthesis of
Introduction
The initial shutoff of host protein synthesis occurs very early after herpes simplex virus type 1 (HSV-1) infection and does not require de novo protein synthesis. This inhibition of cellular protein synthesis involves at least one structural component of the virion, the virion host shutoff (VHS) protein.
The VHS protein brought into the cell by the infecting virion is responsible, at least in part, for the destabilization of polyribosomes containing cellular or α, β and γ viral mRNAs (Roizman & Sears, 1990 , 1993 . The gene encoding the VHS protein has been mapped and the UL41 protein has been identified as the most probable vhs gene product (Kwong & Frenkel, 1989) . Even though UL41 protein participates actively in the HSV-1-induced cellular shutoff of host protein synthesis, probably by inducing degradation of host mRNA, it remains possible that other mechanisms are required to achieve an effective inhibition of host protein synthesis and a selective translation of viral mRNA. Indeed, the HSV-1-induced disAuthor for correspondence : Jean-Jacques Madjar.
Fax j33 4 78 77 87 18. e-mail madjar!cimacpcu.univ-lyon1.fr β-actin is severely inhibited. During expression of late genes, ribosome biogenesis was estimated to be 58 % of that of the control as judged by [ 3 H]uridine incorporation into rRNA. As for β-actin mRNA, the level of ribosomal protein mRNA decreased progressively from the beginning of infection, reaching about 30 % of the control level during expression of late genes. Taken together, these results demonstrate that ribosomal proteins are still synthesized up to the late time of infection and efficiently assembled into mature ribosomes, while there is a severe shutoff of the synthesis of other cellular proteins.
sociation of polyribosomes (Sydiskis & Roizman, 1966 , 1967 cannot be explained by VHS protein-induced degradation of mRNA alone, suggesting that other mechanisms are also involved in inhibiting cellular protein synthesis Nishioka & Silverstein, 1978 ; Schek & Bachenheimer, 1985 ; Silverstein & Engelhardt, 1979) . Because HSV-1 infection induces important post-translational modifications of ribosomal proteins, occurring sequentially together with the expression of the different classes of viral genes, it has been suggested that ribosomes might be involved in the regulation of viral and cellular gene expression (Diaz et al., 1993 ; . Phosphorylation of S6 ribosomal protein is induced during the adsorption step of HSV-1 infection (Fenwick & Walker, 1979 ; Kennedy et al., 1981 ; . In addition, two other phosphorylated proteins are associated with subcellular fractions containing ribosomes . One of them has been identified as the product of the HSV-1 US11 true late gene. The US11 product, an RNA-binding basic phosphoprotein that is capable of oligomerization and accumulates in nucleoli of infected cells, is probably involved in post-transcriptional regulation of gene expression following HSV-1 infection (Diaz et al., 1993 (Diaz et al., , 1996 .
Despite the HSV-1-induced shutoff of most host protein synthesis, a few cellular proteins are still synthesized after infection (Estridge et al., 1989 ; Everett, 1985 ; Kemp & Latchman, 1988 a, b ; Latchman et al., 1987 ; Mosca et al., 1992 ; Notarianni & Preston, 1982 ; Preston, 1990) . The sustained synthesis of some cellular proteins suggests they might play an important role in virus-cell interactions, in particular in determining the outcome of infection.
Synthesis of ribosomal proteins is under translational control during embryogenesis, differentiation and activation of protein synthesis by mitogens (for a review see Kaspar et al., 1993) . A short stretch of pyrimidines located at the 5h end of ribosomal protein mRNA is sufficient to confer this translational control (Kaspar et al., 1993 ; Meyuhas et al., 1996) . Activation of S6 phosphorylation is correlated with the recruitment into polyribosomes of mRNA containing a polypyrimidine tract (Kaspar et al., 1993 ; Jefferies et al., 1994) . Therefore, S6 phosphorylation appears essential for the synthesis of ribosomal proteins and of some other factors involved in translation (Jefferies et al., 1994) .
Even though the role of translational initiation factors and of mRNA structure in the dramatic changes to protein synthesis induced by some viruses has been somewhat clarified (for a review see Mathews, 1996) , little is known about the involvement of ribosomes in translational control. Based upon the assumption that HSV-1-induced stimulation of S6 ribosomal protein phosphorylation should lead to an increase in ribosomal protein synthesis, and because ribosomal RNA synthesis still occurs even late after infection when synthesis of most cellular RNAs is inhibited (Wagner & Roizman, 1969 ; Besse & Puvion-Dutilleul, 1996) , the hypothesis that ribosome biogenesis could persist after HSV-1 infection was proposed. Here we show that ribosomal protein synthesis persists up to late times of infection while β-actin synthesis is strongly inhibited. This is not due to a selective degradation of some mRNAs because ribosomal protein mRNAs appear to be degraded at a rate similar to that of β-actin mRNA. In addition, these newly synthesized ribosomal proteins are assembled into ribosomes, although their relative rate of incorporation into new ribosomes appears somewhat modified.
Methods
Virus and cells. The HSV-1 macroplaque (MP) strain was obtained from B. Jacquemont (Laboratoire de Neuro-Virologie Mole! culaire, Lyon, France) and was a gift from B. Roizman (Marjorie B. Kovler Oncology Laboratories, Chicago, Ill., USA). HeLa cells were grown as monolayers in Eagle's minimum essential medium (MEM) supplemented with 10 % heat-inactivated newborn calf serum (NBCS).
Infection of cells and 35 S-labelling. HeLa cells were infected at pre-confluency at an m.o.i. of 50 p.f.u. per cell in medium 199 (ICN Flow Laboratories) supplemented with 1 % inactivated NBCS, and incubated for 1 h at 33 mC. The inoculum was replaced by medium 199 containing 1 % inactivated NBCS and the cells were incubated at 37 mC for different periods of time as indicated in the figure legends. For $&S-labelling, the medium was removed 1 h before harvesting and replaced by methionineand cysteine-free MEM (ICN Flow Laboratories) supplemented with a mixture of -[$&S]methionine and -[$&S]cysteine at a final concentration of 1n85i10' Bq\ml (50 µCi\ml) and 0n925i10' Bq\ml (25 µCi\ml) respectively (PRO-MIX cell labelling mix, Amersham). The labelling medium was also supplemented with 1 % inactivated and dialysed NBCS.
Rate of protein synthesis. HeLa cells (3i10&) in 35 mm diameter Petri dishes were infected with HSV-1 for 2, 4, 6 and 8 h and $&S-labelled for 1 h before harvesting. Uninfected cells were labelled under the same conditions. After the labelling period, cells were washed three times with ice-cold PBS (130 mM NaCl, 4 mM Na # HPO % .2H # O, 1n5 mM KH # PO % ), and the cell content was solubilized with 25 mM Na # CO $ , 50 mM NaOH. Three aliquots of each sample containing an identical amount of protein (Bradford, 1976) , were loaded onto 3MM Whatman paper and dried. For determination of the radioactivity incorporated into trichloroacetic acid (TCA)-precipitable material, the three aliquots were incubated in 10 % ice-cold TCA for 10 min, then in 5 % boiling TCA for 5 min and rinsed three times with 5 % TCA. Radioactivity was then measured using a liquid scintillation counter (Minaxiβ Tri-Carb, Packard).
Preparation of ribosomal proteins and electrophoresis procedures. $&S-labelled ribosomal proteins were purified from cytoplasmic ribosomes of uninfected and infected HeLa cells as previously described (Madjar, 1994 ; . They were separated by two-dimensional (2D)-PAGE as described in detail elsewhere . In brief, the first dimension separation was carried out in a 4 % (w\v) polyacrylamide gel containing 8 M urea at pH 8n6. The second dimension separation was performed in a 12n5 % polyacrylamide gel containing 6 M urea at pH 6n75 in the presence of SDS. Gels were stained with Coomassie brillant blue (R250), dried under vacuum and submitted to autoradiography for 12 h with Hyperfilm-βmax (Amersham).
Quantification of rRNA synthesis. HeLa cells (3i10') were infected for 4 h with HSV-1. One hour before harvesting, cells were incubated in medium 199 supplemented with 1 % inactivated NBCS and with [5,6-$H]uridine (Amersham) at a final concentration of 0n6 TBq\ml (15 µCi\ml). Uninfected cells were labelled under the same conditions. At the end of the labelling period, cells were washed with ice-cold PBS containing 10 −% M uridine and a post-mitochondrial supernatant was prepared as previously described (Madjar, 1994 ; . This supernatant was treated first for 15 min at 0 mC followed by 10 min at 37 mC with puromycin at a final concentration of 10 −% M and then adjusted to 100 mM CaCl # before treatment with 100 units\ml micrococcal nuclease (Boerhinger) for 15 min at 20 mC. Ribosomes were purified by centrifugation through a 1 M sucrose cushion containing 0n5 M KCl and quantified. An amount of ribosomes corresponding to one A #'! unit was mixed with 5 ml of an emulsifier containing scintillator and the amount of radioactivity was measured as above.
Immunoprecipitation procedure. Immunoprecipitations of proteins were performed as previously described (Simonin et al., 1995 b) . Briefly, HeLa cells infected for 4 h with HSV-1 and uninfected were labelled with $&S, lysed in buffer (0n1 % SDS, 1 % Triton X-100, 1 % sodium deoxycholate, 150 mM NaCl, 10 mM Tris-HCl pH 7n4, 1 mM EDTA) and incubated for 16 h at 4 mC with either a polyclonal anti-US11 antibody (Diaz et al., 1993) or a monoclonal anti-β-actin antibody (Clone AC-15, Sigma) at a 100-fold dilution. Antigen-antibody complexes were collected with protein A coupled to Sepharose CL-4B beads (Pharmacia). Immunoprecipitated proteins were then analysed by SDS-PAGE (Laemmli, 1970) . Gels were dried and submitted to autoradiography for 19 h.
Analysis of mRNA levels following infection. At different times
post-infection, total cytoplasmic RNA was purified following the SDSproteinase K method (Ausubel et al., 1987) . Total cytoplasmic RNA was also purified from uninfected cells by the same method. RNA was separated by electrophoresis through a 1n2 % agarose gel in the presence of 0n22 M formaldehyde (Tsang et al., 1993) and blotted onto positively charged nylon membranes (Appligene). Hybridization was performed at 65 mC with different cDNAs previously labelled with $#P by random priming following standard protocols. The $#P-labelled probe used to detect hsp70 mRNA was obtained by labelling the 900 bp EcoRI-SaII fragment of plasmid pST19\BB5 (Hunt & Morimoto, 1985) ; the probe used to detect cytoplasmic β-actin mRNA was obtained by labelling the 1100 bp PstI-PstI fragment of plasmid pAL41-β (Hanahan, 1983) . For the detection of S14 and S17 mRNA, the 546 bp and 400 bp PstI-PstI fragments of pCS14-12 (Rhoads et al., 1986 ) and pCS17-6 (Chen & Roufa, 1988) , respectively, were labelled with $#P. The cDNA used to detect human L24 mRNA was obtained after reverse transcription of 1 µg total RNA purified from HeLa cells followed by PCR amplification. The cDNA was first heated for 3 min at 94 mC before addition of 0n2 units BioTaq (Bioprobe) in 50 µl 20 mM Tris-HCl pH 8n0, 2 mM MgCl # , 100 µg\ml BSA and 2 µM of each oligonucleotide, 5h GGAATTCCGT-GGAGCTGTCGCCATGA 3h and 5h GGAATTCCAACTCGGGGA-GCTGAAAC 3h. Oligonucleotides were designed to amplify the entire L24 coding sequence (Johnson, 1993) . Amplification was performed using 35 cycles (20 s at 92 mC, 30 s at 55 mC and 1 min at 72 mC). The amplified DNA fragment was cloned into pBluescript (Stratagene) and labelled with $#P as above for the other cDNAs. After autoradiography of the blots for 16 h, fragments of membrane containing different hybridized mRNAs were cut out from the filters and the radioactivity was measured by scintillation counting.
Results

Protein synthesis in HeLa cells after infection with HSV-1
To determine the rate of protein synthesis in HeLa cells after HSV-1 infection, cells were infected at an m.o.i. of 50 p.f.u. per cell for 2, 4, 6 and 8 h, and labelled for 1 h with a mixture of [$&S]methionine and [$&S]cysteine just before harvesting. Radioactivity incorporated into proteins was determined during the course of infection by measuring hot-TCA-precipitable material. At 2 h post-infection, the rate of protein synthesis decreased to 37 % of that in uninfected cells (Table 1) . This rate increased slightly, to 40n5 % at 4 h post- Table 1 . Protein synthesis in HeLa cells after infection with HSV-1 Cells were infected as described in Methods and the amount of radioactivity incorporated into hot-TCAprecipitable material was measured at 2, 4, 6 and 8 h after infection. infection, reached a maximum at 6 h post-infection (60n3%) and finally declined to 37 % of that in uninfected cells at 8 h post-infection. Therefore, under these experimental conditions 
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of infection, the MP strain of HSV-1 efficiently induced inhibition of HeLa cell protein synthesis.
Synthesis of ribosomal proteins and ribosomal RNA during infection by HSV-1
To determine whether ribosomal proteins were still synthesized and assembled into ribosomes after HSV-1 infection, HeLa cells were infected and proteins were labelled for 1 h before harvesting. $&S-labelled ribosomal proteins were purified from total cytoplasmic ribosomes of cells infected for 4 and 8 h and from uninfected cells. Equal amounts of total ribosomal proteins were separated by 2D-PAGE (Fig. 1) . In these 2D gels, the position of each individual spot, as well as the radioactivity incorporated into ribosomal proteins, was extremely reproducible (Madjar, 1994 ; Madjar et al., 1979 a, b ; Madjar & Traut, 1980) . After Coomassie blue staining, patterns of ribosomal proteins purified from uninfected (Fig. 1 a) and from infected cells (Fig. 1 b, c) were very similar. As expected, based upon mobility of the spots, S6 was fully phosphorylated in cells infected for 4 and 8 h (Fenwick & Walker, 1979 ; Kennedy et al., 1981 ; and a significant proportion of L30 became phosphorylated in cells infected for 8 h .
Under the experimental conditions defined above, 1 h incubation of cells with a mixture of [$&S]methionine and [$&S]cysteine was sufficient to obtain a significant incorporation of these radioactive amino acids into each ribosomal protein assembled into ribosomes of uninfected cells (Fig. 1 a, right  panel) . However, the radioactivity incorporated into individual ribosomal proteins differed. These differences in labelling reflect both the methionine and cysteine contents of the different ribosomal proteins and the order of assembling of ribosomal proteins into ribosomes because the labelling was carried out for 1 h immediately before harvesting (see Discussion). At 4 h post-infection the labelling of ribosomal proteins ( Fig. 1 b, right panel) was very similar to that of uninfected cells (Fig. 1 a, right panel) . In addition, as expected at 4 h post-infection with an m.o.i. of 50 p.f.u. per cell, the HSV-1 US11 protein (Diaz et al., 1993 ; Roller & Roizman, 1992 ) and the non-ribosomal protein V3 appear among the ribosomal proteins. At 8 h post-infection, only two ribosomal proteins, L10 and L24, were labelled, whereas a few non-ribosomal proteins (labelled NRP in Fig. 1 c) , US11 protein and V3 are strongly labelled (Fig. 1 c) .
To compare precisely ribosomal protein labelling of cells infected for 4 h versus that of uninfected cells (autoradiograms of Fig. 1 a, b) , the radioactivity incorporated into individual ribosomal proteins was measured (Tables 2 and 3 ). These measurements were performed only for proteins fully resolved by 2D-PAGE. The radioactivity incorporated into 15 out of the 33 proteins of the 40S subunits and into 31 out of the 45 proteins of the 60S subunits (Wool et al., 1996) was measured by scintillation counting. The ratio between the radioactivity incorporated into ribosomal proteins of infected cells versus that of uninfected cells was calculated. This ratio, expressed as a percentage, reflects the remaining rate of synthesis and assembly of ribosomal proteins occurring between 3 and 4 h post-infection. Under these conditions, the rate of incorporation of amino acids into ribosomal proteins being assembled into the 40S subunits ranged from 110 % for S27 to 38 % for S6 ; for the 60S subunits, it varied from 118 % for L4 to 47 % for L6. Some proteins of the 60S subunits, L4, L10, L11, L22, L27, L30, L35 and L39, were labelled to about the same extent whether HeLa cells were infected or not. In addition, these data also reveal that the radioactivity incorporated into S19, L10 and L24 is much higher than that incorporated into the other ribosomal proteins, both in control and infected cells. All three proteins are known to be assembled, and eventually exchanged, into ribosomes in the cytoplasm and not in the nucleolus (Lastick & McConkey, 1976) which may account for their higher level of labelling.The amount of radioactivity correlated very well with the intensity of the different spots as estimated by visual inspection of the autoradiograms. Altogether, these data show that ribosomal proteins are still synthesized and assembled into ribosomes after 4 h of infection. In addition, synthesis and assembly of L10 and L24 occurs until 8 h post-infection. These data also indicated that the overall process of synthesis and\or assembling of different ribosomal proteins is not identical upon infection. To evaluate by a different method the remaining level of ribosome biogenesis after 4 h of infection, [$H]uridine incorporation into total rRNA was measured. Uninfected and infected cells were labelled for 1 h before harvesting. The radioactivity was measured in an amount of ribosomes corresponding to one Fig. 2 . Immunoprecipitation of β-actin and of US11 protein in cells infected for 4 h and uninfected cells. After 1 h labelling, β-actin and US11 protein were immunoprecipitated from total cell lysates, with mouse anti-β-actin monoclonal antibody (lanes 1 and 3) and rabbit anti-US11 protein polyclonal antibody (lanes 5 and 7), respectively. As controls, cell lysates were treated with mouse ascites fluid (lanes 2 and 4) and with rabbit preimmune serum (lanes 6 and 8). No detectable labelled β-actin or US11 protein was immunoprecipitated after a second round of immunoprecipitation. Positions of proteins of known molecular mass are indicated on the right in Da.
A #'! unit. The percentage of radioactivity incorporated into rRNA of infected cells was about 58 % of that incorporated into rRNA of uninfected cells (1786p217 vs 1030p79 c.p.m., means of three independent determinations). From these data, it can be concluded that ribosomal protein synthesis and ribosome biogenesis persist up to late times of HSV-1 infection.
Synthesis of β-actin in cells infected with HSV-1
To evaluate the efficiency of the shutoff of host protein synthesis, the rate of β-actin synthesis was estimated after immunoprecipitation of the $&S-labelled protein. After separation of the proteins by SDS-PAGE and subsequent autoradiography (Fig. 2) , intensities of the bands corresponding to β-actin were quantified by optical densitometry. The amount of radiolabelled β-actin was only 4 % of that found in uninfected cells. As a control, $&S-labelled US11 protein from the same infected cells was immunoprecipitated (Fig. 2) using a polyclonal anti-US11 antibody (Diaz et al., 1993) . These results confirmed the HSV-1-induced shutoff of β-actin synthesis (Inglis, 1982 ; Mayman & Nishioka, 1985 ; Schek & Bachenheimer, 1985) . However, from these data alone we cannot conclude whether this inhibition of β-actin synthesis reflects a selective decrease in the level of β-actin mRNA in the cytoplasm or a decrease in its translational efficiency or both. 
Fate of β-actin, hsp70 and ribosomal protein mRNA in infected cells
To determine whether the shutoff of β-actin synthesis was due only to a decrease in its mRNA level, the fate of mRNA coding for β-actin and for three ribosomal proteins was compared during the course of infection. In addition, because HSV-1 induces a stimulation of hsp70 synthesis (Estridge et al., 1989 ; Notarianni & Preston, 1982) , the fate of hsp70 mRNA was also monitored in parallel. Total cytoplasmic RNA was purified from uninfected cells and from infected cells at 0, 2, 4, 6 and 8 h post-infection and analysed by Northern blotting (Fig. 3 a) . mRNA coding for ribosomal proteins S14, S17 and L24, β-actin and hsp70 was detected using the corresponding $#P-labelled cDNA. The amount of radioactive cDNA hybridized to specific mRNA was measured by liquid scintillation counting. The ratio between the radioactivity obtained at the different times post-infection and that obtained for uninfected cells was calculated and plotted (Fig. 3 b) . The level of hsp70 mRNA increased after the adsorption step of the virus (0 h post-infection) and reached a maximum at 2 h post-infection. It then returned to its basal level at 4 h post-infection and finally decreased below this value between 6 and 8 h post-infection. Conversely, levels of β-actin mRNA, as well as that of S14, S17 and L24, declined in parallel, reaching 30 % of that of the control uninfected cells at 4 h post-infection. These data show that mRNAs encoding ribosomal proteins S14, S17 and L24 and β-actin undergo the same rate of degradation after HSV-1 infection.
Discussion
In this report, we have analysed the synthesis of ribosomal proteins in cells infected with HSV-1, to challenge the hypothesis that their synthesis could persist while the synthesis of most other host proteins is inhibited. The typical variations of protein synthesis in response to infection were observed with, first, a dramatic decrease, followed by a resumption occurring before the final decline. More specifically, at 4 h post-infection the residual rate of β-actin synthesis was only 4 % of that in uninfected cells. In addition, at 4 h post-infection, US11 protein, a true late gene product, had already been synthesized, indicating that, under these experimental conditions, viral protein synthesis was effective.
Notwithstanding this obvious shutoff of host protein synthesis, ribosomal protein synthesis and ribosome biogenesis persist after HSV infection. Even after 4 h of infection, 58 % of ribosomal RNA is still synthesized and assembled into ribosomes. However, the radioactivity incorporated into each individual protein varied from 38 to 118 %. From a theoretical point of view, after 1 h labelling the amount of [$&S]methionine and [$&S]cysteine incorporated into each individual protein should depend upon (i) the methionine and cysteine contents of the mature proteins, (ii) their rates of synthesis and subsequent assembling into mature ribosomes, and (iii) their order of assembly into these ribosomes. The course of labelling being only a few times longer than the time required for ribosomes to be fully assembled, the last protein to be assembled is expected to be the most labelled for a given number of methionine and cysteine residues. However, even though the sequences of all ribosomal protein cDNAs are available, at least for rats (Wool et al., 1996) , it is not known whether the first methionine is present or not at the N-terminal end. Therefore, from the present data alone, the order of ribosomal protein assembly cannot be determined.
What can be compared is the level of radioactivity incorporated into a given protein before and after infection. Unexpectedly, the variation in radioactivity incorporated before and after infection is not uniform from one protein to another. Some proteins (S2, S27, L4, L10, L11, L22, L27, L30, L35, L39) incorporate almost the same amount of radioactivity while others (S6, S8, L6, L8, L27a, L29, L38) incorporate half or less of the amount of radioactivity incorporated by the controls, the remainder ranging between these two groups. If technical bias can be excluded, what is the explanation for such variation in the amount of ribosomal proteins incorporated into newly assembled ribosomes between 3 and 4 h after infection? A possible and trivial explanation is that preparations of ribosomes are contaminated by fragments or parts of ribosomal particles co-sedimenting with intact ribosomes during the cell fractionation procedure due to some nuclear membrane breakdown. This is clearly not the case, since ribosomal protein patterns are free of histones whose positions are known in the analytical electrophoretic system used (Fig.  1) . A priori, a modification of the order of assembly of ribosomal proteins after infection can also reasonably be excluded. However, what can be changed after infection is the relative rate of synthesis of the different ribosomal proteins, and also their rate of assembly into mature ribosomes. After 2 h of infection, more than 50 % of the mRNA coding for S14, S17 and L24 has been degraded and 70 % after 4 h of infection. In spite of this dramatic decrease in these individual mRNAs, the corresponding proteins are still synthesized and efficiently assembled into mature ribosomes. This leads to the conclusion that the remaining mRNA must be translated very efficiently, and especially, that the newly synthesized proteins must be more efficiently assembled into new ribosomes. This would be possible if the assembly of some ribosomal proteins is accelerated, perhaps at the price of a less accurate process.
Although such acceleration of ribosome biogenesis still remains to be proved, two other conclusions can be drawn from these results. First, there is a translational control leading to the persistence of ribosomal protein synthesis, thus involving some selectivity in the cellular mRNAs which are translated. This translational control probably requires mechanisms different from those allowing translation of viral mRNA during the shutoff of host cell protein synthesis. A selective reinitiation of translation might remain possible after HSV-1 infection for ribosomal protein mRNA but not other cellular mRNAs such as β-actin mRNA. The 5h-terminal polypyrimidine tract of each ribosomal protein mRNA may be responsible for such a translational control (Meyuhas et al., 1996) . Since ribosome biogenesis persists after infection by HSV-1, viral protein synthesis could take place, at least in part, on these newly synthesized and assembled ribosomes. If this were the case, a specific mechanism should exist for driving viral mRNAs selectively to these newly made ribosomes.
